In Part II of this study of spiral galaxy rotation curves we apply corrections and estimate all identified systematic uncertainties. We arrive at a detailed, precise, and self-consistent picture of dark matter.
Introduction
Dark matter in the core of spiral galaxies can exceed 10 7 times the mean dark matter density of the Universe. For this reason we have studied spiral galaxy rotation curves measured by the THINGS collaboration [1] with the hope of constraining the properties of dark matter [2] . In "Part I" of this study [2] we integrate numerically the equations that describe the mixture of two self-gravitating non-relativistic ideal gases, "baryons" and "dark matter". These equations require four boundary conditions: the densities 
and similarly for baryons.
2 2 rh
v is the root-mean-square of the radial component of the dark matter particle velocities, and 0 1 h κ ≤ ≤ describes dark matter rotation, see [2] for details. In the present analysis we take 
r measured by the THINGS collaboration [1] , and the calculated rotation curves. The fits obtain rotation curves within the ob-International Journal of Astronomy and Astrophysics servational uncertainties. These fits are presented in Figures 1 to 10 of [2] , and the fitted parameters are presented in Table 1 of [2] .
In the present analysis we apply corrections and study all identified systematic uncertainties. We use the standard notation in cosmology as defined in [3] 
by numerical integration with the same equations and parameters described above. These corrections are presented in Table 1 .
Measurement of the Adiabatic Invariant
( )
For each spiral galaxy we obtain the parameter 1 3 .
Results are presented in Table 2 . The average of 
This result is noteworthy since the 10 galaxies used for these measurements have masses spanning three orders of magnitude, and angular momenta spanning five orders of magnitude [2] . Note that the correction in Table 1 has allowed us to include galaxy NGC 2841 in the average (this galaxy was excluded in [2] because the first measured point at min r is at the edge of the galaxy core).
The expansion parameter NR h a at which dark matter becomes non-relativistic can be estimated from (3) as 
Dark Matter Mass h m
We consider the scenario with dark matter dominated by a single type of particle (plus anti-particle) of mass h m . The mass density of a non-relativistic gas of fermions or bosons with chemical potential µ can be written as [4] ( )
where the sums are (2) and (6) we obtain
Note that the measured h m is independent of crit c ρ Ω , see (2) . From (4) and (8) we obtain ( )
2 0.76515 53.5 3.6 tot eV ,
for fermions, and 
for bosons. Note that we have obtained these results directly from the fits to the spiral galaxy rotation curves, with no input from cosmology. The uncertainties in (9) and (10) include all statistical and systematic uncertainties listed in Table   1 and Table 2 .
A non-relativistic non-degenerate ideal gas has
where V N ν ≡ is the volume per particle, and ( ) 
The last factor is the average number of fermions (upper sign) or bosons (lower sign) in an orbital of momentum p a . Now let dark matter decouple while ultra-relativistic, and assume no self-annihilation.
Then 3 h n a is conserved. In an adiabatic expansion, e.g. collisionless dark matter, the number of dark matter particles in an orbital is constant so µ and h T adjust accordingly. The problem has one degree of freedom, so we choose, without loss of generality, 
In the non-relativistic limit
as in (6). The intercept of these two asymptotes defines NR h a and
, In summary, from the measured adiabatic invariant 
where the photon temperature is we implemented allows direct comparison of (17) with h T T in Table 7 of [2] . 
Results for the Case
for bosons. These uncertainties are valid for the considered scenario and include statistical uncertainties and all identified systematic uncertainties listed in Table   1 and Table 2 . Systematic uncertainties unknown at present may be needed in the future.
These results can be compared with expectations in Table 7 Table 3 .
Additional Systematic Uncertainties?
Non-spherical spiral galaxies: Equations (3) to (6) of [2] New studies may require additional systematic uncertainties. However, at present we do not identify any.  , as recommended in [3] .
We compare the measured h T T and h m with expectations, see 
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